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COLOR VISION DEFICIENCIES 
IN YOUTHS 

David Slaby ai\d Jean Roberts, Division of Health Examination Statistics 



INTRODUCTION 

Presented in this report aredataontheprev- 
alence of color vision deficiencies In American 
youths 12-17 years of age as estimated from the 
Health Examination Survey of 1966-70. The data 
are stratified by age, sex, race, geographic re- 
gion, size of place of residence, and annual family 
Income, Comparisons are also made with the 
findings from the 1963-65 Health Examination 
Survey among children 6-11 years of age. 

Color vision deficiency, commonly called 
color blindness, manifests Itself in everyday life 
in the confusion of, or blindness to, one or more 
primary colors, and its origins may be congenital 
or acquired, Congenital defects occur In two 
chief forms, total and partial. The former is very 
rare and is generally associated with nystagmus 
and a central scotoma. All colors appear as grays 
of differing brightness. The partial form is the 
most common type of color vision defect and Is 
primarily an inherited condition transmitted 
through the mother, who Is usually unaffected. It 
is probably due to the absence of one of the photo- 
pigments normally found In the foveal cones, ^ In 
most cases reds and greens are confused. 

Acquired defects of color vision may often 
develop in. the course of oculaV, mainly retinal, 
disease,^ Red-green defects are frequently char- 
acteristic of lesions of the optic nerve and optic 
pathways, while blue-yellow defects are more 
likely to result from lesions of the outer layers 
of the retina. 2 

Source of Data 

The Health Examination Survey In which these 
color vision data were collected is one of the ma- 
jor ongoing programs of the National Center for 



Health Statistics. Data collection, analysis, and 
publication of the resulting findings on the health 
status of the United States population was author- 
ized as a continuing Public Health Service activ- 
ity in the National Health Survey Act of 1956 by 
the 84th Congress. 

Three different programs are used to carry 
out the intent of the National Health Survey.^ The 
Health Interview Survey focuses primarily on the 
Impact of illness and disability upon the lives and 
actions of people in various segments of the 
United States population. It collects health in- 
formation from samples of people by means of 
household Interviews, The Health Resources Sur- 
vey program gathers health data as well as health 
resource and utilization information through sur- 
veys of hospitals, nursing homes, other resident 
institutions, physicians* offices, and other medi- 
cal facilities and on the entire range of personnel 
In the health occupations. The Health Examination 
Survey, on which the data In this report are based. 
Is the only program in the National Center for 
Health Statistics which collects data by direct 
physical examinations, tests, and measurements 
performed on preselected probability samples of 
the United States population. This approach pro- 
vides the most efficient and accurate way of ob- 
taining diagnostic data on the prevalence of medi- 
cally defined illness within the entire population. 
It is the only program that secures Information 
on unrecognized or undiagnosed conditions as 
well as physical, physiological, and psychological 
measurements within the population under study. 
The survey also collects medical history, demo- 
graphic, and socioeconomic data from the sample 
populaUon which are then interrelated with the 
examination findings. 
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The Health Examination Survey functions as 
a series of separate programs referred to as 
'^cycles," Each cycle Is limited to some specific 
segment of the United States population and to 
specific aspects of the health of that population. 
During the first cycle conducted In 1960-62, the 
prevalence of certain chronic diseases and the 
distribution of various physical and physiological 
measures were determined among a probability 
sample representative of the civilian nonlnstl- 
tutlonal adult population 18-79 years of age, as 
described previously.^^^ 

The second cycle was a survey among non- 
institutionalized children aged 6-11 In 1963-65, 
the examination concentrating primarily upon 
health factors related to growth and development,^ 

The third cycle focused upon youth. For this, 
a probability sample of the noulnstitutionallzed 
youths 12-17 years of age In the United States was 
selected and examined. The exanninatlon program 
for youth was designed to obtain basic measures 
of growth and development as well as data on 
other health characteristics for this segment of 
the American population. The questionnaires and 
examination content and procedures closely 
paralleled those used In the survey of children so 
as to obtain comparable Information, using stand- 
ard measures for the continuum from childhood 
through adolescence. However, the examination 
among youth was supplemented and specially 
adapted, as necessary, to obtain data specifically 
related to adolescent health. Examinations were 
conducted by a pediatrician, assh^ted by a nurse, 
and by a dentist. Tests were administered by a 
trained psychologist, and a variety of tests were 
given and measurements taken by laboratory X- 
ray technicians. The survey plan, sample design, 
examination content, and operation of this survey 
have been described in a previous report.*^ 

Field collection operations for the youths* 
cycle began in March 1966 and were completed 
in March 1970. In the program, 6,768 youths 
were examined from the 7,514 youths selected in 
the sample. This represents a response rate of 
90 percent. The national sample Is representa- 
tive and the examined group is closely represent- 
ative of the 22.7 million nonlnstitutionallzed 
youths 12-17 years of age in the United States 
with respect to age, sex, race, geographic region, 
population size of place of residence, and rate of 



population change in the place of residence from 
1950 to 1960. 

In this program, as in the preceding survey 
of children, examinations were conducted con- 
secutively In 40 different locations throughout the 
United States. Each youth during his single visit 
was given a standardized examination by the ex- 
amining team In the mobile units specially de- 
signed for the survey. An exception to the single 
visit was made for girls whose urine specimen 
was found positive for bacterluria. They were 
brought back for repeat urine tests. Prior to the 
examination , demographic and socioeconomic data 
on household members as well as the medical 
history, behavioral, and related data on the youth 
to be examined were obtained from his parents. 
In addition, a Health Habits and History form was 
completed by the youth before he arrived for the 
examination and he completed a Health Behavior 
questionnaire at the examination center. Ancillary 
data were requested from the school the youth 
attended. These data Included his grade place- 
ment, teacher's ratings of his behavior and ad- 
justment, and health problems known to his 
teacher. A birth certificate was obtained for each 
youth to verify his age and to provide information 
related to his condition at birth. Statistical notes 
on the survey design, reliability of the data, and 
sampling and measurement error are shown in 
appendix I. Definitions of the demographic and 
socioeconomic terms are in appendix II. 

THE VISION 
EXAMINATION 

The vision examination for youth was de- 
veloped under the guidance of ophthalmologists 
Dr. J. Theodore Schwartz, National Eye Institute, 
and Dr. Herbert A. Urdwelder. It included; 

Tests to detect and classify color vision 
deficiencies. 

Determination of the level of central visual 
acuity (both binocular and monocular) at 
distance and near. 

Determination of the degree of lateral phorla 
at distance and near. 

Determination of the degree and extent of 
correctablllty of myopia at distance with the 
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use of simple spherical trial lenses for those 
scoring less than 20/20 (Snellen), 

Measurement with a lensometer of the type 
and degree of correction In the refractive 
lenses worn by the examinee. 

Color vision tests were performed with the ex- 
aminee's usual glasses or other refractive lenses. 
The other vision tests were done without correc- 
tion, and for those who had their glasses with 
them, the distance tests were also done with their 
usual correction. 

In addition, each youth was given an eye ex- 
amination by the survey staff pediatrician. The 
examination included a careful general inspection 
(or evidence of abnormal conditions of the lids, 
conjunctivae, sclerae, pupils, and Irides; a cover 
test to detect the presence of any tropia; an in- 
spection of the conjugate gaze; and determination 
of the focusing or dominant eye. This report is 
limited to findings on the color vision tests. An 
earlier report describes results of the visual 
acuity tests, 

The Color Vision Tests 

Two of the most reliable and widely used 
color vision tests commercially available were 
selected for the survey— The Ishlhara Test for 
Colour-Bllndness (1960 edition, 24 plates, seven 
of which were used) and the American Optical 
Company's Hardy-Rand-RIttler Pseudoisochro- 
matlcPlates{l957 edition, 24 plates). These per- 
mitted uniform testing In the tlnr.e available and 
were suitable for large-scale administration to 
youths 12 through 17 years of age. Both teste 
c&nslst of pseudolsochromatlc plates so designed 
that the color defective Individual will see no 
difference between two or more color samples 
which appear different to persons with normal 
color vision, ^''^ These plates contain numerals 
or symbols represented In dots of various tints 
set on a neutral background amid dots of the 
same size but of tints which are most readily 
confused with those of the numerals or symbols 
by persons with the principal types of color vision 
deficiencies. Individuals with color vision defi- 
ciencies are unable to see any numbers or pat- 
terns on some of the plates; on others they may 
see a different number or pattern than that seen 
by persons with normal color vision. 



The Ishihoro Test 

The Ishlhara Test for Colour-Bllndness was 
first published In Japan in 1917 and In its various 
editions has been used extensively in color vision 
testing, Thifl test has been found to be very ef- 
fective In differentiating between persons with 
normal and deficient color vislon)^*^SThe 1960 
edition, part of which was employed In the Health 
Examination Survey, consists of 24 plates designed 
to detect tlie existence of a color vision defi- 
ciency,^ Seven of the plates found most reliable 
were used for screening In this survey,^ ^ These 
require the ability to correctly Identify or indi- 
cate the absence of one or two colored numerals. 

The Hordy*Rond*R11tter 
Pseudotsochromotic Ploles 

The commerlcal version of the Hardy-Rand- 
Rittler test (H-R-R) was first produced by the 
American Optical Company in 1955 and was based 
on the H-R-R Polychromatic Plates developed 
earller,^^ In 1957 a second commercial edition of 
the H-R-R, which was used In this study, was 
published. It consisted of four demonstration 
plates, six screening plates, and 14 diagnostic 
plates of the pseudolsochromatlc type,^^ This 
H-R-R test is designed to serve three purposes: 

A screening test to separate persons with 
defective color vision fi om those with normal 
color vision. 

A qualitative diagnostic test to classify type 
of color defect (whether protan, deutan, trl- 
tan, or tetartan). 

A quantitative diagnostic test to indicate de- 
gree or severity of the defect. 

The H-R-R requires only the ability to iden- 
tify and Indicate the position of colored circles, 
triangles, and crosses. The neutral background 
pattern of the plates Is composed of small, gray 
circular dots of varying sizes and shades. Set 
amid the gray dots are dots of similar sizes but 
of colors which are confused wlthgray by persons 
who have any of the principal types of defective 
color vision. These colored dots are arranged In 
any quadrant of the plate. A single test plate car- 
ries one or two of these symbols. The colored 
dots, like the background dots, vary in size and 
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shades. In successive plates these symbols are 
presented In graded steps of chroma. 

Two general types of color vision deficiencies 
are classified by the H-R-R— red-green deficien- 
cies^ which comprise most congenital color vision 
deficiencies, and the much rarer blue-yellow de- 
ficiencies. The H-R-R further distinguishes three 
subtypes of red-green deficiencies, protan, deu- 
tan, and "red-green undetermined.*' The particu- 
lar errors made on the plates determine the clas- 
sification. Protan deficiencies are char- 
acterized by decreased sensitivity for red and Its 
complementary hue, blue-green. These colors 
appear as gray or as an Indistinct grayish color 
to the Individual with a protan-type deficiency. 

Deutan is the term given to the decrease In 
sensitivity for pure green and Its complementary 
hue, red-purple. These colors are seen as gray 
or as an Indistinct color close to gray by persons 
with deutan-type deficiencies. Persons whose 
red-green deficiency could not be classified as 
protan or deutan are assigned the diagnosis "'red- 
green deficiency undetermined as to type." Blue- 
yellow deficiencies are classified by the H-R-R 
as trltan or tetartan or as "blue-yellow deficiency 
undetermined as to type.'* Trltan and tetartan 
deficiencies Indicate loss of sensitivity In the 
blue-yellow perceptual area. To the trltan there 
Is confusion of yellow-green with gray, and for 
the tetartan blue or yellow Is confused with gray. 

The H-R-R test Is also designed to provide 
a measure of the degree of deficiency through 
Its graded series of plates In which there Is an 
Increasing saturation of the critical hues. Three 
degrees of severity of defect are recognized In 
the H-R-R--mlld, medium, and strong. The clas- 
sification Is based on the last group of plates In 
which errors occur. Only a rough quantification 
of the degree of defect can be made in this man- 
ner, and It Is recognized thatpseudoisochromatic 
plates do not reliably distinguish among other 
classifications of color vision deficiency such as 
"anomalous trichromats" or "dlchromats,"^^*^^*^^ 
Evaluations of the Hardy-Rand-Rlttler test 
Indicate that It Is a reliable technique for screen- 
ing normals and abnormals and for providing 
qualitative diagnoses of red-green color vision 
deficiencies, ^^''2*^^ The test has also been favor- 
ably evaluated as a technique for quantitative 
diagnoses of red-green defects.^^'^^The paucity 



of Individuals with blue-yellow defects has pre- 
vented validation of the plates designed to detect 
the rare trltan and the controversial tetartan 
form of defective blue-yellow vlslon,^^ 

The first four plates In the H-R-R test are 
demonstration plates. The next six plates make 
up the screening series, followed by 14 plates 
In the diagnostic series. Fourteen of the test 
plates are concerned with red-green deficiencies, 
and six are devoted to the detection and the 
qualitative and quantitative diagnosis of blue- 
yellow defectives. 

Testing Methods 

In the survey of youth, color vision testing 
preceded the other vision tests. The tests were 
performed blnocularly with glasses or other cor- 
rective lenses on If the youth normally wore them. 
Test books were placed on a table under a Mac- 
beth Easel Lamp having an intensity of from 20- 
28 foot-candles, as measured weekly by light 
meter at the table level. This Is the type of Il- 
lumination and within the Intensity range recom- 
mended by the authors of the H-R-R test for 
valid testlng.^^ The Easel' Lamp provides suffi- 
cient Intensity of the desired quality so that a 
small amount of extraneous light In the room will 
not appreciably affect the results of the tests. 
The youth was seated at the testing table so that 
his eyes were kept about 30 Inches from the test 
book. Each youth was first administered seven 
plates of the tshlhara test (plates 1, 2, 5, 8, 11» 
14, and 16) as a screen to separate youths with 
normal color vision from those with color vision 
deficiencies. If the youth had difficulty Identifying 
the numbers on the plates he was asked to trace 
the figure he saw ^vlth a small paint brush. Re- 
sponses to each plate were entered on a special 
recording form (appendix III). 

Youths who correctly read the Ishlhar a plates 
were classified as having normal color vision 
and testing was terminated. Failure to correctly 
read any one of the screening plates except plate 
1, which was used as a demonstration plate. In- 
dicated the possibility of a color vision deficiency, 
and the youth was then administered the Hardy- 
Rand-Rittler test to verify his deficiency. 

The first four plates of the H-R-R were 
administered first. These plates are used for 
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demonstration purposes to acquaint the youth with 
the symbols he will see In the subsequent plates. 

Plates 1-6, the screening plates, were then 
administered. The youth was asked the number of 
colored symbols he saw, their shape, and their 
location on the plates. A correct answer to all 
three parts was required to receive credit to* 
ward a rating of normal color vision. Answers 
were entered on the special recording sheets 
(appendix III), 

If the youth gave the correct response for all 
six screening plates, he was considered to have 
normal color vision and no further testing was 
done. This occasionally occurred after one or 
more Incorrect responses on the Ishlhara plates. 
Youths making one or more errors on the H-R-R 
screening plates were then given the diagnostic 
series to determine the specific type of deficiency, 
l,e,, protan, deutan, etc, and severity of the de- 
fect, l,e., mild, medium, or strong. All qualita- 
tive and quantitative diagnoses In this report are 
based on H-R-R protocol. 

Quality Control 

As in the children's cycle, vision tests for 
youths were administered by the survey staff ex- 
amining dentist because that member of the survey 
team had the time available. The effect of this 
was to have these tests done by a professional 
person who, once the necessary special training 
had been given, was adept at administering the 
tests. Each of the five examining dentists em- 
ployed during the cycle was given training and 
practice in vision testing techniques to insure the 
consistency of the test results, Furthei practice 
was obtained during the ''dry runs" preceding the 
start of the regular examinations at each of the 40 
locations In which the mobile Health Examination 
Centers were located. Testing equipment and Il- 
lumination were checked periodically through the 
cycle to verify that they were In good working 
order and both met the required standards, 

FINDINGS 
Screening Results 

An estimated 95,7 percent or 21,7 million 
youths 12-17 years of age in the nonlnstltutlonal 
peculation of the United States would have been 



Identified as probably having normal color vision 
on the basis of screening test results from the 
findings obtained on the shortened form of the 
Uhlhara test used in the Health Examination Sur- 
vey of 1966-70, These were youths who were able 
to correctly Identify the characters, or indicate 
their absence, on each of the six Ishlhara plates 
used in the survey examination (table 1), The 
remaining 4,3 percent of the youths misread at 
least one of the six Ishlhara screening plates. 
In addition a small proportion of these youths 
passed the Initial screening section of theHardy- 
Rand-Rlttler color vision test, Thelatter test was 
given all those missing at least one Ishlhara 
plate to determine the extent and severity of their 
color vision defects. This group of ''false posi- 
tives" on the Ishlhara was considered for ana- 
lytical purposes to also have normal colbr vision, 
(This group constituted less than 5 percent of the 
youths who failed the Ishlhara test and so only 0,2 
percent of all youths exaimlned,) 

The screening findings for youths correspond 
closely to those obtained for children from the 
Identical color vision test battery used In the 
Health Examination Survey of 1963-65 (figure 
1),^ In that survey, an estimated 95,2 percent of 
the noninstitutlonallzed children aged 6-11 years 
In the United States were determined to have 
normal color vision on the basis of the Ishlhara 
screening and an additional 0,2 percent on the 
basis of the subsequent H* R-R screening. 
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Figure 1. Percent of boys with normal color vision, by age: 
United States, 1963-70. 
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Dlsirlbuilone of scores (number of plates 
read correctly) on the Ishlhara plates for youth 
by age and sex are shown in table 2. No evidence 
of a pattern between age and performance on the 
plates is apparent. At all ages boys were much 
more likely to have misread one Ishlhara plate 
or more than were girls, the difference exceed- 
ing the 99 percent confidence Hmlt for these sur- 
vey findings. Boys who failed the Ishlhara screen- 
ing test were substantially more likely to have 
missed at least five of the six plates than fewer;- 
while girls with some evidence of color defi- 
ciency were about as likely to have missed only 
one than more than one platei reflecting the 
greater severity of the defect among boys. 

H-R-R screening score ' distributions are 
presented in table 3 for the 4.3 percent of the 
youth who failed the Ishlhara and were adminis- 
tered this test. The number of girls in the group 
was too small to provide reliable estimates for 
them by single years of age. The distribution of 
*'false positives*' on the Ishlhara is indicated in 
the table by those who read all six H-R-R screen- 
ing plates correctly. 

Prevalence findings of defective color vision 
in the remainder of this report are based on the 
H-R-R test protocol. Values for Incomplete test 
results were imputed by the method outlined in 
appendix 1, 

Prevalence 

The estimated prevalence rate of defective 
color vision among nonlnstltutlonalized youths 
12-17 years of age In the United Stales based on 
findings from the Health Examination Survey was 
4,1 psrceni; this delimits a population of approxi- 
mately 934,000 youths with defective color vision 
(table A). This percentage Is comparable to the 
3.8 percent estimated for children with color de- 
ficiencies (those 6-il years of age in 1963-65). 

Sharp differences were apparent in iheprev- 
alence rates for boys and girls. Boys were more 
than 12 times as likely to have defective color 
vision than were girls. More than 7,5 percent of 
the boys were found to have such a deficiency, but 
only 0.6 percent of the girls were similarly af- 
fected (table 4). 

Racial differences In the prevalence of color 
vision deficiencies were negligible. The preva- 
lence rate was slightly larger among white than 



Table A. Prevalence rateis for defective 
color vision 6;nong youths 12-17 years, 
by race and sex? United States, 1966-70 



Race and sex 


Red -green defects. 
In youth 


Number In 
thousands 


Percent 


Both sexes ---- 


93A 


A. 12 


865 


7.53 


767 
95 
3 

69 


7.72 
6.35 
5. 34 

0.62 






67 
2 


0.70 
0.15 







Negro boys or boys of other races. However, the 
differences in the rates were not statistically sig- 
nificant at the 5-percent probabflity level. The 
number of youths of other races in the population 
is too small to provide reliable estimates of the 
prevalence of this defect for them from the pres- 
ent study. Similarly the prevalence of color de- 
^ flclency among girls Is so low that the estimates 
' for both the Negro and other racial groups are 
not reliable and are presented only to indicate 
that the rate among Negro girls Is low. 

Type of Deficiency 

The most common perceptual color vision 
deficiency found for both boys and girls was of 
the red. green type. A small percentage of youths 
did exhibit a combination of red-green and blue- 
yellow perceptual defects (less than 1 percent), 
but none of the surveyed youths failed to correctly 
identify only the H-R-R blue-yellow screening 
plates. 

Racial differences with respect to the type 
of color vision defect among boys were not ap- 
parent. A slightly larger proportion of white than 
Negro boys did have a red-green deficiency while 
slightly more Negro boys had a combination of 
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red*green and blue-yellow perceptual deflclen- 
clee, but In neither case were the differences In 
rates statistically significant^ 

Boys were substantially more likely than 
girls to have only a red-green deficiency than a 
combination of red-green and blue-yellow per- 
ceptual defects* The ratio of these defects among 
boys was nearly 8 (with only red-green) to 1 
(with both types) compared with nearly 2 to 1 
among girls* 

R«d-Gra«n D^liclencies 

An estimated 7.5 percent of the boys In the 
United States, ages 12-17, have a red-green color 
vision deficiency alone or In combination with a 
blue-yellow defect. A smaller proportion of Negro 
boys exhibited a red-green deficiency than did 
white boys, but the percentages were not signif- 
icantly different (figure 2 and table 5)* 

The contrast In the proportions of red-green 
deficiencies between boys and girls Is striking. 
Among white youths, 11 times as many boys were 
affected as were girls. The difference In the rates 
for Negro boys and girls for this perceptual de- 
ficiency is even greater. 

No consistent age-related trend Is evident 
in the proportion of boys with a red-green visual 
defect across the entire age ran^e from 6-17 
years (In the surveys of 1963-70), The preva- 
lence of red green deficiency was relatively con- 



Figure 2. Prevalence of red-green color vision defects among 
white and Negro boys and girls 12-17 years: United States, 
1966-70. 



Figure 3. Prevalence of red green color vision defects among 
boys, by age: United Slates, 1963*70. 

sistent for ages 8 through 17 (figure 3). The only 
substantial difference occurred between the ages 
of 7 and 12 years. 

Severity of Deficiency 

The H-R-R protocol provides for grading 
into three severity categories: mild, medium, and 
strong* Using this protocol, the proportion of 
youths with a mild red-green deficiency was 
slightly greater than for those with a medium de- 
fect which In turn slightly exceeded the propor- 
tion with a strong defect {table 6) Only the dif- 
ferences in the proportions between the mild and 
strong groups are large enough to be statistically 
significant. This pattern was not found among 
children. For them proportions In the mild and 
strong severity categories were identical v^hlle 
relatively, slightly fewer were rated as medium 
(figure 4), Although children and youths exhibited 
different patterns of red-green severity, the dif- 
ferences between the respective proportions In 
the severity classes for the two age groups are 
not statistically significant, 

White boys were more likely than Negro boys 
12-17 years of age to have a red-green visual 
defect. Among those with defects of medium or 
strong severity the differences between white and 
Negro are negligible. The consistent decrease In 
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Figure 4, Severity of f ed-^reen color vision defects for children 
and youths 6-17 years: United States, 1963-70. 

the prevalence of this red-green visual deficiency 
with the Increase In severity ie evident among 
white boys similar to the pattern for all boys 12- 
17 years of age, Only the difference in the prev- 
alence rates between the mild and strong defects 
ai'e statistically significant (figure 5 and table 6). 
Among Negro boys 12-17 years about the same 
proportion was found to have a mild or medium 
defect and somewhat more (but not significantly 
more) had a strong deficiency. 

The prevalence of mild red-green percep- 
tual deficiency among white girls was signifi- 
cantly greater than defects of medium severity, 
while none were found to have strong deficiency. 
Only mild red-green deficiencies were found 
among Negro girls, As previously indicated, the 
prevalence of color deficiency among girls was 




too low to provide conpistently reliable national 
estimates for them by race with the size and 
design of the sample used In this survey. 

Subtype of Rdd-Gredn Deficiency 

The deutan subtype of red-green color vision 
defect (decreased sensitivity for green) is the most 
prevalent type of color vision deficiency among 
hoys. It was found among 4.1 percent of those 12- 
17 years of age In this country* Over half of the 
boys with defective color vision had vhle type of 
problem (table 7), Protan de/ects (decreased 
sensitivity for red) were lesf? than half as prev- 
alent among boys as the deutan type (1,7 percent 
compared with 4,1 percent) and Just slightly less 
frequently found than the undetermined types of 
red-green deficiency (1,8 percent). 

The prevalence rates of protan and deutan 
deficiencies among boys 12-17 years of age were 
similar to the corresponding rates among younger 
boys 6-11 years from the 1963-65 survey (2,2 
and 3.8 percent, respectively) (figure 6). How- 
ever, the proportion of boys with red -green de- 
ficiencies of undetermined type were signifi- 
cantly greater among youths than children (1.8 
compared with 0,9 percent). This was due to the 
significantly greater proportion of this type of 
deficiency found among the older white boys (12- 
17 years old) than those of 6 to 11 years. 

As among the younger girls 6-11 years of 
age in the 1963-65 survey, more than two«thlrds 
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Figure 5. Severity of red-green color vision defects a7nof>g white 
and Negro youths 12-1 7 years, by race: United States, 
1966-70. 



Figure 6. Type of red«green color vision defect among children 
and youths 6-1 7 years: United States, 1963-70. 




Protin Oeutan Ur^determ!n»d 

TYPeOFOEFeCT 



Figure 7. Type of red gntn color vision defect arriong white 
and Negro youths IM 7 years: United States, 1966-70. 

of the girls 12-17 years old with a color vision 
deficiency had one of undetermined red-green 
type. Less than 1 percent of either age group had 
defective color vision of any type. 

The prevalence rates of all three types of 
red-green color deficiency were similar among 
white and Negro boys aged 12-17 years {figure 
7), However, Negro boys of this •age were less 
likely than white boys to have a protaji deficiency 
of medium severity or a mild deutan deficiency 
but more likely to have a strong deutan deficiency, 

Red^Green Deflcienciei by 
Selected Demographic Variables 

Only boys were considered in the analysis of 
red-green deficiencies by demographic variables 
because of the small number of affected girls. 
The prevalence estimates for the latter group 
will, consequently, be less precise but are in- 
cluded in the detailed tables 8-10 with their as- 
sociated standard errors to convey the overall 
picture obtained from the national survey of 
youth, 

Region-^tio significant pattern of regional 
differences was found in the prevalence of color 
vision deficiency among boys 12-17 years of age 
in this country. The prevalence rates of red- 
green deficiencies among boys ranged from alow 



of 6,3 percent In the Midwest to a high of 9,1 
percent In the West, The difference in these rates 
is not statistically significant at the 5-percent 
probability level (table 8), The prevalence of this 
condition among white andNegro boys was similar 
in each of the regions except In the South where 
the rate among white boys Is significantly greater 
(three times as large) as among Negro boys* 
These regional findings are similar to those among 
children 6-11 years of age In the 1963-65 survey, 
Place o/mfcfenc^— Youths (boys) living in 
urban communities generally had a higher prev- 
alence rate of red-green perceptual color vision 
deficiencies than those boys living in rural areas 
(table 9), This is the reverse of findings among 
children 6-11 years of age in the 1963-65 sur- 
vey, but the differences in rates are not signif- 
icantly different either between surveys or be- 
tween urban and rural residents in the present 
study. 

The estimated proportlonsof red-green color 
deficiencies among boys living In areas of dif- 
fering population size were found to range from a 
high of 10,7 percent In cities of 250,000 to 1 mil- 
lion population to a low of 3,0 percent in places 
with 10,000-24,999 population outside a Census- 
defined '^urbanized area," Even though the dif- 
ference between these two rates Is substantial, 
care must be taken in concluding that they are in 
fact different. The coefficient of variation of the 
smaller estimated proportion is sufficiently large 
to cast doubt upon its reliability. Hence, caution 
should be used in concluding that significant dif- 
ferences in the proportions of affected boys exist 
between cities of differing size. Racial differences 
in the prevalence of color deficiency were not 
evident between white and Negro boys from either 
urban or rural. areas. 

Family income— The prevalence of red-green 
deficiencies did not vary consistently with the 
level of family Income, The percentage of boys 
affected does not differ significantly across all 
family income levels (table 10), The trend of a 
slight increase in the prevalence of red-green 
deficiencies by family .income observed among 
children was absent among youth. There were no 
significant differences in the prevalence rates 
across family income levels between youths 12- 
17 years of age In the present study and children 
6-11 years of age In the 1963-65 survey. 



&lue*Yellow Defidenctei 

All the youths diagnosed as having a blue- 
yellow deficiency on the Hardy-Rand-Rittler test 
plates also had an accompanying red-green de- 
ficiency, as previously Indicated. An estimated 
0,6 youths per hundred 12-17 yeare of age in the 
United States had this blue^-yellow deficiency in 
the period 1966-70. Almost all of these percep- 
tual color Vision defects (97 percent) were di- 
agnosed as the undetermined subtype. The ma- 
jority were of mild severity (88 percent)* Per- 
ceptual blue-yellow deficiencies of mild severity 
also predominated in the survey of children (83 
percent) (appendix IV). 

Combined Red^Oreeh and 
Blue-Yellow Deflclenciei 

A somewhat larger proportion of youths 
(0.56 percent) were found to have perceptual 
difficulties in both red-green and blue-yellow 
areas than were observed In the survey of chil- 
dren (0.32 percent). The difference probably re- 
flects sampling variability and is not statistically 
significant at the 5-percent level (table 11). 

The prevalence rate for white boys with this 
combination of perceptual color defects was es- 
timated at 0.86 per hundred and was about 0.25 
per hundred for white girls. The rates for Negro 
youths are similar to those found for white youths 
but are far less reliable. Appendix IV contains 
further information on the specific combinations 
of red-green and blue-yellow deficiencies found 
among the surveyed youths. 

Agreement on Reexomlnofion 

The Health Examination Survey among youths 
in 1966-70 utilized the same sampling areas and 
housing units as the previous Health Examination 
Survey among children in 1963-65. As a result 
nearly one-third of the youths in the present 
study had also been examined In the children's 
survey. The time lapse between the two exami- 
nations ranged from 28 months to 5 years with a 
median time lapse of about 4 years. Since the 
color vision tests were identical In both surveys, 
some longitudinal data on these deficiencies were 
available for an estimated 7 A million youths. 
Comparison of the findings at these two points in 



time will probably reflect the reliability of the 
tests used as well as any change in the condition 
of the children. This subgroup, however, cannot 
be considered typical of the total group of youths 
since they will be limited to the group who re- 
mained in the same location during that period of 
time and were willing to be examined again. 

The prevalence of red-green color vision de- 
ficiencies among youths (both sexes) who had also 
been examined as children was 3.7 percent. This 
is slightly (but not significantly) lower than the 
rate of 4.1 percent for all youths. Among both 
boys and girls the rate of defective color vision 
found on reexamination at ages 12-17 years was 
slightly lower than It had been for them when they 
were examined as children (6-11 years of age). 
The rate for the boys in the longitudinal group 
was 6.9 percent compared with 7.5 percent for 
all boys aged 12-17 years. Consideration of the 
comparability of the color vision test results 
from the two examinations will be limited here 
to the boys, since the number of girls with such 
defects is too small to provide reliable estimates 
for them. 

About two-thirds (64 percent) of the boys with 
red-green colol vision deficiencies had been 
found to have the same type in the earlier survey 
and there was agreement on both strength and 
type of defect for 42 percent (table 12). For the 
remaining 21 percent where there was agreement 
on the type of defect but the strength of the de- 
fect differed, the deficiency was more likely 
than not to be weaker in the older age group than 
when they were children (19 percent). 

Among the remaining 36 percent whose type 
of deficiency differed, the shift between child- 
hood and youth was slightly more likely to have 
been from n definite decreased sensitivity for 
red or green to an undetermined type (13 per- 
cent) than from an undetermined type to a more 
definite defect (10 percent) or from a predomi- 
nately decreased sensitivity for red to one for 
green (10 percent). 

COMPARISON WITH 
OTHER STUDIES 

Defective color vision, or color blindness 
as it is commonly known, has attracted the at- 
tention of scientists since its discovery in the 
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Table B. Selected studies reporttng prevalence of red-green color ^.dslon deficiencies 



Author and year 


Refer- 
ence 
No. 


Population 


Mai 
Number 


e 

Rate 
per ICO 


Feme 
Number 


lie 

Rate 
per 100 


Test used 


European studies 
















* 


Waaler, 1927 


23 


Norwegian students 


9.094 


8.01 


9,072 


0.44 


Ishlhara and anotnaloscope 


Vj>n Planta, 1923 


"24 

~- 


Swiss students 


2 ,000 


7.95 


3 ,000 


0.43 


Ishlhara and anc>tialoscope 


Wieland, 1933 




Swiss students 


1,036 


8.2 






Tshlhara and anoiraloscope 


:>chintdt, 1936 


26 


Gertrany 


6,863 


7.75 


5,604 


'^"0,36 


One setting of anomalo- 
scope 


V»*rnon and Straker, 1943 


27 

1. 


British males 

— . 


12,344 


7.25 






A-0 Pseudolsochromatlc 
Plates 


Grieve, l94o 




British Air Force aircrew 
c and Ida tes 


16,180 


6.63 






T G K1 ha rA 


Francolj and others, 1957 


29 


Belgian schoolboys 


1 ,243 


'8.61 






Ishlhara, anomaloscope 
and FarnSworth Trltan 
Plate 


Mann, 1956 


30 


Australia 


558 


7.3 


327 


0.6 


Ishlhara 


Khcrunlfcn and Pickford, 1959 


22 


France 


6,635 


8*95 


\ 6,990 


0.50 


Ishlhara 


Browfl, 1951 


31"^ 


Scottish students 


525 


7.43 


252 


0.46 


Ishlhara 


Crone7T963 


32 


Netherlands 


3,167 


7.95 


3,359 


0.45 


Ishlhara, H-R-R, and 
others 


U*S« studies 
















Haupt, 1922 


T3^ 


Baltimore, Maryland, school 
children 


448 


1 1 

7.8 


487 


1.6 


Nela Test (colored wool 
skeins) 


Miles^> 1929 


34 


College students 


1,286 


8.2 


436 


0«9 


Ishlhara 


Garth, 1933 


36 


Colorado k'hites 
Negroes in Southern Linlted 
States 


795 
5 38 


8.4 
3.9 


232 
496 


1.3 
0.8 


Ishlhara 


Clements, 1930 




American Negroes 
Full blood 
Mixed blood 


20s 
118 


3.4 
4.2 


- 


- 


Ishlhara 


Crooks, 1936 


37 


Negroes , Virginia 


2,019 


3.9 


722 


0.1 


Ishlhara 


Sweeney and others, 1964 


38 


Negro boys in New Yorjf City 


1,137 


6.77 
2.99 






Screened by H-R-R 
Screened by anoc&aloscope 


Thullne* 1964 


14 


Students In t'coma, 
Washington 


5,263 


6.14 


5,078 


0.45 


Ishlhara and H-R-R 


Shearron, 196s 


39 


Students In Tennessee 
White 
Negro 


676 
548 
128 


5.67 
6.83 
3.12 


619 


0.32 


H-R-R 


U.S* Health Exfjtilnatton Sur- 
vey, 1963*65 


40 


Representative nationwide 
sample of children 6-11 years 
of age In the nonlnstltutlonal 
population of the United 
States 

White 

Negro 


3,153 
464 


7.36 
4«04 


2,947 
523 


0.50 
0.77 


Ishlhara and H-R-R 


U.S. Health Exajninat ion Sur- 
vey, 1966-70 




Repri^sentatlve nationwide 
i sairple of children 12*17 years 
of ag« <,n the nonlnstltutlonal 
papulation of the Lblted 
States 
^.-hUe 
Negro 


3,04 7 
479 


7.72 
6.35 


2,688 
520 


0.70 
0.15 


Ishlhara and H-R-R 



Includes red^green and other defects. 
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late 18lh century."" Many surveys of color vision 
have been conducted^ most performed outside the 
United States and most utilizing testing instru- 
ments and procedures somewhat different from 
those of the Health Exnmlnailon Survey. Reviews 
of these studies appear In articles by Post, 
kherumlan and Plckford. and Kaimus.'^^ '^*^ Gen- 
eral findings from some of these studies are 
t)resented In table 6 for comj)arison with national 
estimates (or American youth from the present 
study. The list of earlier studies In table B Is 
not exhaustive. The studies selected for compari- 
son were primarily based on large-scale testing' 
performed on subgroups of white European or 
American populations or American Negro popu- 
lations« Most utilized the Ishlhara test or the 
H-R-R* A few also employed the anomaloscope, 
a precise Instrument for determining defective 
color vision. In most cases findings are presented 
only for red-green color vision deficiencies. 

Findings from the present survey agree In 
part with those of other major studies. The prev- 
alence rates for red-green deficiencies among 
white males in Europe and the United Stales, re- 
viewed by Post, are near 8 percent.^^ The 7.7 
percent prevalence rate found for white Ameri- 
can boys 12-17 years of age from the present 
study approximates this figure, The rale for 
white girls (0*7 percent) is much higher than that 
found among 5,078 Tacoma> Washington, school- 
girls.^* However, It Is not significantly larger than 
the prevalence rate found for while girls In the 
survey of children conducted by the Health Ex- 
amination Survey during 1963-65.*^ 

The national prevalence rate estimated for 
Negro boys screened on the H-R-R plates Is es- 
sentially that found by Sweeney and others among 
Negro boys In New York City. The rate for Ameri- 
can Negro girls in the present study agrees with 
Crooks* 1936 findings in Virglnla.^^ It does not 
ag^ee with findings among children from the 
1963-65 Health Examination Survey, The differ- 
ence between the two rates found in the surveys 
of children and youth is most probably due to 
sampling variability; the coefficient of variation 
for the prevalence rate of red-green deficiency 
among Negro girls In the present survey Is high 
and the statistic Is unreliable. 

The estimated 0.56 percent of the youths in 
the United Slates who exhibited evidence of blue- 
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yellow color vision deficiencies Is larger than 
previous estimates by Wrlght,^^ Thullne,^* and 
others.^'^»^^ It Is not significantly larger than the 
rate estimated for American children by the 
Health Examination Survey* Most of the cases in 
the present survey were of the mild blue-yellow 
undetermined type and all had accompanying red- 
green defects, 

A preponderance of males over females with 
red-green deficiencies has been observed In most 
studies of white populations. 

The finding from this study of no statistically 
significant relationship of color vision defects with 
age among American youths within the age range 
of the population studied is in accord with earlier 
studies by Chapanls and Thullne.^*'*^ 



SUMMARY 

National estimates based on Health Exami- 
nation Survey findings from a probability sample 
representative of youths 12-17 years of age in the 
nonlnstltutlonal population of the United States 
show: 

U About 4.1 percent or 934,000 youths were 
found to have color vision deficiencies. 
Boys were about 12 times as likely to 
have this condition as girls. Over 7,5 per- 
cent of the boys showed evidence of a 
color vision deficiency while only 0.6 per- 
cent of the girls were similarly affected. 
There were no significant differences in 
the prevalence rates for white and Negro 
boys. 

2. Red-green color vision deficiencies were 
substantially more prevalent than blue- 
yellow defects. Red-green defects only 
affected 6.6 percent of boys and 0.4 per- 
cent of girls. 

3. No significant differences were found be- 
tween white and Negro boys with respect 
to the prevalence rates of red-green color 
deficiencies. 

4. Age did not appear to be significantly 
related to the prevalence of color vision 
deficiencies. 



5. Red-green deficiencies In girls were more 
frequently of the mild type, while among 
boys the cases were more evenly distrib- 
uted by severity, 

6- Deutan-type defects (decreased sensitiv- 
ity to green) occurred with the greatest 
frequency among boys (4.1 percent of all 
boys). 

7, No statistically significant regional dif- 
ferences in the prevalence of red-green 
deficiencies were found among boys, al- 



though a significant racial difference was 
observed In the South. Differences in the 
prevalence rates across Income levels 
were negligible. 

8. Blue-yellow deficiencies were found in an 
estimated 0.6 percent of the youth popu- 
lation and only in conjunction with a red- 
green defect. This combination of percep- 
tual defects affected about 0,9 percent of 
the boys and 0.2 percent ofthe girls. Most 
blue-yellow defects were of the mild un- 
determined type. 
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Table !• Number and rate per 100 youths by screening results of color vision test, age, 
and sex, with standard errors for totals r United States, 1966-70 













Failed Ishihara 






Sex and age 


All 


Passed 










youths 


Ishihara 


Failed 


Passed 












H-R-R 


n-R-K 








Number in thousands 




12-17 years- 








1 21.7141 


934 1 


44 










Percent 




12-17 years* 






100,0 


95.69 


4.12 


0.19 






Boys 










12-17 


years* 




100.0 


92.26 


7.53 


0.21 








100.0 


91.44 


8.43 


0.13 








100.0 


93.02 


6.78 


0.20 








100.0 


92.92 


6.81 


0.27 








100.0 


91.63 


8.05 


0.33 








100.0 


91.91 


8.09 










100.0 


92.69 


6.97 


0.34 






Girls 










12-17 


years 




1 HA A 


99.20 


0.62 


0.18 








100.0 


99.27 


0.73 










100.0 


99.06 


0.63 


0.31 








100.0 


98.97 


0.61 


0.41 








100.0 


99.10 


0.90 


- 








100.0 


99.56 


0.28 


0.16 








100.0 


99.28 


0.54 


0.18 










Standard error 




Both sexes 


12-17 




• . . 


0.38 


0.35 


0.07 


Boys 12-17 






... 


0.71 


0.68 


0.07 


Girls 12-17 


years 




. » . 


0.20 


0.14 


0.10 



Table 2, Percent distribution of Ishlhara screening scores for youths by age and sex, 
^ with standard errors for totals: United States, 1966-70 







Number of Ishlhara plates read correctly 


Sex and age 


Total 


6 


5 


4 


3 


2 


1 


0 


Both sex^s 






Percent distribution 








100.0 


1 95.69 


0.38 


0.41 


0.50 


0.55 


1.84 


0.63 


Boys 


















I O ^ 1 # 1 V A f% V* M, 


LUU , 0 


92.26 


0.42 


0.73 


0.87 


0.96 




1 OA 




lUU ,0 


91.44 


0.70 


0.64 


1.40 


0.72 


4.13 


0.97 






93.02 


0.36 


0.76 


0.85 


0.99 


3.34 


0.68 




100.0 


92.92 


0.24 


0.52 


1.20 


0.71 


3.44 


0.97 




100.0 


91.63 


0.26 


0.89 


0.51 


1.47 


4.02 


1.23 




100. 0 


91.91 


0.19 


0.36 


0.76 


1.31 


3.43 


2.05 




100.0 


92.69 


0.77 


1.25 


0.45 


0.61 


2.55 


1.69 


Clrls 


















12*17 years----*-**-** 


100.0 


00 on 


0.34 


0.08 


0. 12 


0. 13 


0. 13 






100.0 


99.27 


0.33 


0.10 


0.14 


0.15 








100.0 


99.06 


0.65 


0.11 


0.17 










100 0 


98.97 


0.27 


0.16 




0.27 


0.34 


- 




100.0 


99.10 


0.15 


0.12 




0.19 


0.44 


- 




100.0 


99.56 


0.16 




0.15 


0.13 




— 




100.0 


99.28 


0.45 




0.27 














Standard 


error 










• . • 


0.38 


0.09 


0.08 


0.10 


0.10 


0.24 


O.ll 


Boys 12-17 years----------*- 


• • • 


0.71 


0.11 


0.15 


0.19 


0.18 


0.47 


0.21 


Glrls- 


. • • 


0.20 


0.12 


0.05 


0.06 


0.07 


0.06 
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Table 3» Percent of youths with color vision defects on Ishlhara test and percent dis- 
tribution of their Hardy-Rand-Rlttler screening score by age and sex, with standard 
errors for totals t United States, 1966-70 





Per- 




Number of H-R 


-R screening plates read correctly 


Sex and age 


cent 


Total 


















given 


















H-R-R 






5 


4 


3 


2 


1 


u 


Both sexes 








Percent distribution 




• 




4.31 


100.00 


4.51 


17.11 


13.88 


17.37 


39.19 


5.34 


2.61 


Boys 




















12-17 years*--- 


7.74 


100.00 


9 71 


16.58 


13.89 


18.05 


41.69 


5, 13 


1.92 


12 yeats-»«»-»-»--«*— > 


8. 56 


100.00 


1.50 


25.9.8 


14.84 


6.16 


47.96 


3.57 






6.98 


100.00 


2.89 


11.51 


19.34 


16.55 


37.82 


9.70 


2.19 


14 years---- --------- 


7.08 


100.00 


3.78 


7.63 


12.95 


21.45 


46.41 




7.78 


15 years-- — --------- 


8.38 


100.00 


3.90 


11.80 


12,90 


19.50 


42.77 


9.13 




16 years — 


8.09 


100.00 




13.57 


13.92 


24.75 


37.82 


7. 74 


2 1 Q 


17 years---------- 


7.31 


100.00 


4.65 


28.36 


8.92 


22.56 


35.50 






Girls 




















12-^17 years-**- 


0.80 


100. on 


00 An 


22.37 


13. 75 


10.57 


14.31 


7. 13 


9.47 




0.73 






30.92 


- 


49.28 


19.80 








0.94 


1 00. 00 


32.92 


34.17 






12.21 




20.70 




1.02 


100.00 


40.39 


15.14 


11.79 


•« 




32.68 






0.90 


100.00 




37.98 


31.82 




30.21 








0.44 


100.00 


36.72 






29.72 


33.55 








0.72 


100.00 


25.46 




37.27 






- 


37.27 








Standard 


error 










Both sexes 12-17 






















• . . 


• • « 


1.46 


2.82 


1.93 


2.13 


3.77 


1.38 


0.74 




• • . 


• • . 


0.86 


3.15 


1.94 


2.17 


3.98 


1.25 


0.79 


Girls 12-17 years-— - 


• • • 


• » . 


9.68 


7.63 


5.71 


7.86 


6.42 


5.78 


1.90 



Table 4, Prevalence rate per 100 youths 12-17 years showing color vision status from 
the Hardy-Rand -Rlt tier test, by race and sex, with standard errors: United States. 
1966-70 



Race and sex 



All 
youths 



Normal 
color 
vision 



Defective color vision 



Total 



Red- 
green 
only 



Blue- 
yellow 
only 



Red- 
green 

and 
blue- 
yellow 



Both sexes 
Total— 

Boys 

Total 

White 

Negro 

Otner races--- -------^ 

Girls 

Total 

White 

Negro-- — 

Other races---------- 

Bolh sexes 

Total 

Boys 

Total 

White 

Negro---- ---------- 

Other races 

Girls 

Total 

White 

Negro« 

Other races------ 



Percent 

100.0 95*88 4,12 3.56 



100.0 



100.0 
100.0 
100.0 



100.0 



100.0 
100.0 
100.0 



• • • 



• • « 



92.47 



92.28 
93.65 
94.66 



99.38 



99.30 
90.85 
100.00 



7.53 



7.72 
6.35 
5.34 



0.62 



0.70 
0.15 



6.65 



6.86 
5.33 
5.34 



0.39 



0.45 



Standard error 
0.35 0.35 0.29 



0.68 



0.65 
2.58 
5.50 



0.14 



0.17 
0.13 



0.68 



0.65 
2.58 
5.50 



0.14 



0.17 
0.13 



0.56 



0.56 
1.77 
5.50 



0.14 



0.17 



0.56 



0.88 



0.86 
1.02 



0.23 



0.25 
0.15 



0.13 



0.25 



0.24 
0.88 



0.05 



0.07 
0.13 
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Table 5, Prevalence rate per 100 of red-green color vision deficiencies among youths, 
by race, age, and sex, with standard errors: United States, 1966-70 



Sex and age 


Total 


White 


Negro 


Other 
races 


Total 


White 


Negro 


Other 
races 


Both sexes 
Girls 


4.12 


Perc 
4.26 


ent 
3.22 


2.92 


0.35 


Standard 
0.34 


error 
1.28 


3.33 


7.53 


7.72 


6.35 


5.34 


0.68 


0.65 


2.58 


5.50 


8.43 
6.78 
6.81 
8.05 
8.09 
6.97 

0.62 


8.93 
7.11 
7.02 
8.44 
7.79 
6.95 

0.70 


5.51 
5.03 
5.67 
4.39 
10.60 
7.47 

0.15 


26.45 


1.53 
1.11 
1.12 
1.51 
1.47 
1.29 

0.14 


1.61 
1.32 
1.13 
1.66 
1.17 
1.55 

0.17 


4.25 
1.53 
2.65 
2.00 
6.94 
4.77 

0.13 


22.53 


0.73 
0.63 
0.61 
0.90 
0.28 
0.54 


0.85 
0.74 
0.71 
0.91 
0.33 
0.62 


0.95 


- 


0.35 
0.34 
0.32 
0.41 
0.20 
0.53 


0.41 
0.39 
0.38 
0.46 
0.23 
0.61 


0.85 


- 
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Table 6. Prevalence rate per 100 of color vision defects among youths 12-17 years, by 
severity of defect, race, and sex, with standard errors: tolted States » 1956-70 



Race and sex 



Both sexes 

Total 

Boys 

Total - 

White----- 

Negro ------------------- 

Other races------------------- 

Girls 

Total - 

White— — -- - 

Negro----— — --- 1.*------. 

Other races- — ---------- ------ 

Both sexes 

Total - - 

Boys 

# 

Total — 

White------ 

Negro- .^•^ 

Other races--------- --------- 

Girls 

Total 

White 

Negro----------- ---------- — 

Other raced------ — 



All red- 
green 
defects 


Severity 


Mild 


Medium 


Strong 




Percent 




4.12 


1.71 


1.34 


1.07 


7.53 


2.91 


2.51 


?..n 


7.72 
6.35 
5.34 


3.11 
1.67 


2.63 
1.62 
5.34 


1.98 
3.07 


0.62 


0.49 


0.13 




0.70 
0.15 


0.54 
0.15 


0.15 


- 




Standard error 




0.35 


0.19 


0.19 


0.18 


0.68 


0.34 


0.37 


0.35 


0.65 
2.58 
5.50 


0.39 
0.61 


0.39 
0.90 
5.50 


0.32 
1.49 

•to 


0.14 


0.15 


0.04 




0.17 
0.13 


0.17 
0.X3 


0.05 
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Table 7. Prevalence rate of red-green color vtston deflclenctes among youths 12-17 years, by type anc) severity of de- 
fect, race, aad sex, with standard errors: United States, 1966-70 







All 
red- 


Prolan 


Oeutan 


Undetermined 


Race and sex 


gree;\ 
de- 
fects 


Total 


Mild 


Medi- 
um 


Strong 


Total 


Mild 


Medi- 
um 


Strong 


Total 


Mild 


Medi- 
um 


Strong 




Both se^xea 












Percent 














Total* 




4.12 


0.B4 


0.16 


0.28 


0.40 


2.16 1 


1 0.6J 


0.88 


0.65 


1,12 j 


0.93 


0,18 


0.01 






Boys 
































7.53 


1.66 


0»32 


0.$5 


0.79 


*♦ » uo 


1. 11 


1.6S 


1.29 


1.79 


1.48 


0. 29 


0 .02 






White. 
Hegro 
Other 




7.72 
6.35 
5.34 


I, 70 

las 

5.34 


0.31 
0.41 


0.57 
0.16 
5.34 


0.32 
0.59 


4.11 
4.10 


1.26 
0.19 


1.73 
1.45 


1.12 
2.46 


1.91 
1.07 


1.55 
l.O? 


0.33 


0.03 










Cirls 


- 


- 








- 








- 






0.62 










0.18 


0.12 


0.06 




0.44 


0.36 


0.08 




















White- 
Negro" 
Other 




0.70 
0.15 










0.22 


0.15 


0.07 




0.15 


0.15 


0.09 


















races— 


• 


- 


- 


- 








- 




- 




Both sexes 












Standard error 












Total- 




0.35 


0.15 


0.05 


0.07 


0.10 


0.2S 


0.11 


0.16 


0.15 


0.12 


0.12 


0.05 


0.01 






Boys 
































0.68 


0.31 


0.10 


0.14 


o.ii 


0.55 


0.20 


0.32 


0,29 


0.21 


0.16 


0. 10 


0,03 






White 
^iearo 
Other 




0.65 
2.58 
5.50 


0* 36 
0.51 

5.50 


0. 10 
0^29 


0.16 
0.19 
5.50 


Oi 23 
0.35. 


0.51 
2.07 


0.23 
0.19 


0.35 
0.74 


0 .22 
1.48 


0.24 
0.56 


0.20 
0.56 


0.11 


0.03 




Girla 




• 








- 








- 






0.14 










0.05 


0.04 


0.04 




0.14 


0.13 


0.01 




















White 
Nearo 
Other 




0.17 
0.13 










0.06 


0.04 


0.05 




0.15 
0.13 


0.15 
0.13 


0.01 


















races-----**---- 
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Table 8, Prevalence rate per 100 of red-green color vision deficiencies among boys and 
girls 12-17 years, by race and geographic region, with standard errors: United 
States, 1966-70 



Sex and geographic 
region 



Total 



White 



Negro 



Other 
races 



Total 



White 



Negro 



Other 
races 



Bon 

United States 

Northeast---------- 

Midwest------------ 

South- ------------ - 

West ---- 

£i£lS 
United States 

Northeas t-" 
Midwest--- -------- 

South---— -- 

West 



7.53 



7.24 
6.31 
7.53 
9.12 



0.62 



0.92 
0.39 
1.19 
0.10 



Percent 



7.72 6.35 



Standard error 



7.57 
6.30 
9.19 
8.31 



0.70 



1.08 
0.43 
1.52 
0.11 



4.78 
5.48 
2.93 
21 . 10 



0.15 



0.31 



0.68 



0.81 
1.77 
0.87 
1.96 



0.14 



0.32 
0.31 
0.30 

''0.13 



0.65 



0.83 
1.84 
1.08 
1.44 



0.17 



0.36 
0.34 
0.38 
0.14 



2.58 



3.22 
2.48 
0.77 
10.36 



0.13 



0.28 



Table 9. Prevalence rate per 100 of red -green color vision deficiencies among boys and 
girls 12-17 yearsi by race and population size of place of residence, with standard 
errors: United States, 1966-70 ' 



Sex and population size 



Bo^s 

Total urban — 

3^000,000 or more 

1,000,000-2,999,999 

250,000 to 999,999 

Less than 250,000 In 
an urbbnlzed area---*-- 

More than 25.000 not In 
an urbanized area 

10,000 to 24,999 

2,500 to 9,999 - 

Rural 

Total urban ^-^ 

3,000,000 or more ■ 

UOOO, 000-2, 999, 999 • 

250,000 to 999,999- 

Less than 250,000 In 
an urbanized area 

More than 25,000 not in 
an urbanized area 

10,000 to 24,999 - 

2,500 to 9,999 

Rural 



Total 



White 



Negro 



Other 
races 



Percent 



Total 



White 



Negro 



Standard error 



Other 
races 



7.54 


7.73 


6.36 




0.68 


0.65 


2.58 




5.98 


6.31 


5.23 


- 


0.36 


0.58 


1.70 


- 


8.52 


6.95 


18.16 




3.08 


2.31 


14.56 




10.73 


11.88 


3.66 


- 


1.47 


1.23 


5.91 


- 


8.43 


10.54 


2.61 


- 


4.74 


5.58 


3.20 


- 


4.52 


4.70 






2.32 


2.39 






3.01 


3.27 


- 


- 


3.54 


4.09 


- 


- 


7 80 










2. Jo 






7.48 


7.57 


5.84 


* 


1.08 


1.14 


1.68 




0.62 


0. 70 


0 IS 






U< 1/ 


0. 13 




0.58 


0.79 






0.37 


0.50 






0.45 


0.51 






0.27 


0.31 






0.44 


0.32 


1.00 




0.31 


0.35 


1.27 




1.32 


' 1.63 






1.18 


1.51 






0.53 


0.55 






0.54 


0.57 






0.81 


0.89 


" 1 




0.19 


0.20 







Table 10. Prevalence rate per 100 of red-green color vision deficiencies among boys and 
^qII^'jcT y^^^^t f^ce and family Income^ with standard errors: IMtted States, 



Income and sex 


Total 


White 


Negro 


Other 
races 


Total 


White 


Negro 


Other 
races 


Girls 


7.53 


Perc 
7.72 


ent 
6.35 


* 


S 

0.68 


>tanddrd 
0.65 


error 
2.58 




7.57 
5.11 
9.65 
6.39 
9.82 
7.70 
5.14 

0.62 


7.65 
6.14 
8.72 
6.42 
10.06 
7.90 
5.83 

0.70 


7.44 
2.43 
14.48 
6.73 
2.98 

0.15 


* 


1.73 
1.19 
1.82 
1.15 
1.65 
1.82 
1.73 

0.14 


2.04 
1.58 
1.14 
1.06 
1.70 
1.88 
1.91 

0.17 


2.51 
1.32 
11.54 
5.34 
2.86 

0.13 


★ 


0.78 
0.58 
0.36 
0.91 
0.68 
0.27 
0.43 


0.95 
0.79 
0.42 
0.97 
0.71 
0.28 
0.51 


0.45 




0.20 
0.07 
0.26 
0.42 
0.36 
0.26 
0.42 


0.22 
0.12 
0.30 
0.45 
0.38 
0.27 
0.52 


0.40 


- 



Table 11. Prevalence rate per 100 of color vision deficiencies Involving both red- 
green and blue-yellow perception among youths 12-17 years, by race and sex, with 
standard errors: United States » 1966-70 / i / sexi wi.cn 



Sex 


Total 


White 


Negro 


Other 




0.56 


Perc 
0.56 


ent 

0.58 






0.88 
0.13 


0.86 

Standar<i 
0,13 


1.02 

error 
1 0.44 










0.25 
0.05 


0.24 
0.07 


0.88 
0.13 









Table 12, Percent distribution of type and severity of defective color vision among boye 12-17 years by type and sever- 
ity of color vision defect for them as boys 6-11 years and population estimates lor those with defective color vision 
both as children and as youths: United States, 1963-70 



Type and severity of 
red-green defect in 
boys 6*11 


AU 
red- 
green 

de- 
fects 


Type and severity of red-green defect In boys 12*17 


Pro tan 


Deutan 


Undetermined 


Total 


Mild 


Medi- 
um 


Strong 


Total 


Klld 


Medi- 
um 


Strong 


Total 


Mild 


Medi- 
um 


Strong 












Percent 


distribution 












All types------------- 


100. 0 


27.7 


9.1 


9.9. 


8.7 


57.1 


19.7 


21.8 


1 15.6 


15.2 


L 1 


5.8 


1.2 


Protan 




























Total - 


35.7 


22.4 


3.8 


9.9 


8.7 


10.4 


5.5 


4.9 


- 


2.9 


1.2 


1.7 


- 




13.0 


2 • 1 


^ • I 




• 


8.0 


5.5 


2.5 




2.9 


1.2 


1.7 






6.2 


5.0 


1.7 


3.3 




1.2 




1.2 














16.5 


15.3 


- 


6.6 


8.7 


1.2 


- 


1.2 


- 


- 


• 


- 


- 


Deut^J 






























52 .4 


3.3 


3.3 


- 




39.1 


7.9 


16.9 


14.2 


10. 0 


4.7 


4.1 


1.2 




12. 1 


2.1 


2.1 






5.3 


5.3 






4.7 


4.7 








19»6 


1 . 2 


1 . 2 






15.5 




10.2 




* .9 




c * V 






20.7 










18.3 




6.7 


11.5 


2.4 




1.2 


1.2 


Type undetermined 






























U.9 


2»0 


2.0 






7,6 


,6.3 




1.3 


2.3 


2.3 








8.3 
3.6 


2.0 


2.0 






5.0 
2.6 


5.0 
1.3 




1.3 


1.3 

1,0 


1.3 
l.O 







Total- 



239 ! 



Number of boys In the population in thousands 
67 II 22 I 24 I 21 I l35 jj 47 j 51 | 37 | 37 j[ 20 



14 



APPENDIX I 



STATISTICAL NOTES 



Th« Survty Ddtign 

The sample design for the first three programs or 
Cycles l-IIl of the Health Examination Survey has been 
essentially similar in that each has been a multistage, 
stratified probability sample of clusters of households 
In land- based segments. The successive elements for 
this sample design are primary sampling units, census 
enumeration district, segment (a cluster of households), 
eligible persons, and finally the sample person » 

The 40 sample areas and the segments utilized in 
the design of Cycle III were the same as those in Cycle 
11. Previous reports describe In detail the sample de- 
sign used for Cycle II and In actfUHon discuss the prob- 
lems and considerations given to other types of sam- 
pling frames, cluster versus random sampling, and 
whether or not to control the selection cif sibllngfl.^'^ 

Requirements and limitations placed on the design 
for Cycle III, similar to those for children in Cycle 11, 
were that: 

The target population be defined as the civilian 
nonlnstitutional population of the United States, 
including Alaska and Hawaii, between the ages of 
12 and 17 y^'ars for Cycle III, with the special ex- 
clusion of children residing on reservation lands 
of the American Indians because of operational 
problems encountered on these lands in Cycle I, 

The time period of data collection be limited to 
about 3 years for each cycle and the length of the 
individual examination within the specially con* 
structed mobile examination center be between 2 
and 3 hours. 

Ancillary data be collected on specially designed 
household, medical history, and school question- 
naires and from birth certificate copies* 

Examination objectives be related primarily to 
factors of physical and intellectual growth and 
development. 

The sample be sufficiently large to yield reliable 
findings within broad geographic regions andpopu- 
i latlon density groups as well as age, sex, and 
y limited socioeconomic groups for the total sample. 



The sample was drawn Jointly with the Bureau of 
the Census starting with the 1960 decennial census list 
of addresses and the nearly 1,900 primary sampling 
units (PSU*s) Into which the entire United States was 
divided. Each PSU in a standard metropolitan statis- 
tical area (SMSA), a county, or a group of two or 
three contiguous counties. These PSU*s were grouped 
Into 40 strata, each stratum having an average size of 
about 4,5 million persons, in such a manner as to 
maximize the degree of homogeneity within strata with 
regard to the population size of the PSU*s, degree of 
urbanization, geographic proximity, and degree of in- 
dustrialization« The 40 strata were then classified Into 
four broad geographic regions of 10 strata each and 
were then, within each region, cross-classified by four 
population density classes and classes of rate of popu- 
lation change from 1950 to 1960, Using a modified 
Goodman-Kish controlled-selection technique, one PSU 
was drawn from each of the 40 strata. 

Further stages of sampling within PSU's required 
first the selection of census enumeratk)n districts 
(ED*s). The ED*s are small well-defined areas of about 
250 housing units into which the entire Nation was di- 
vided for the I960 population census. Each ED was 
assigned a "measure of size*' equal to the rounded 
whole number resulting from a ^'division by nine*' of 
the number of children aged 5-9 In the ED at the time 
of the I960 census, A sample of 20 ED*s in the sample 
PSU were selected by systematic sampling, each ED 
having a probability of selection proportional to the 
population of children 5-9 years at the time of the 1960 
census date« A further random selection by size of 
segments (smaller clusters of housing units) within 
each ED was then made« 

Because of ttie 3 -year time Interval between Cycle 
11 and Cycle III, the Cycle III frame had to be supple- 
mented for new construction and to compensate for 
segments where housing was partially or totally de« 
molished to make room for highway construction or 
urban redevelopment* 

Advanced planning for the examinations at the 
various locations or stands provided for about 17 days 
of examinations which limited the number of examinees 
per location to approximately 200, When the number of 
eligible youths In the sample drawn for a particular 
location exceeded this number, subsampUng was done 



by deleting ftrom the master list of eligible youths 
(ordered by segment, household order within segment, 
and age within household) every hihname on the list 
starting with the >ih name. > being a number between 
iartd n selected randomly and n being the extent of over- 
sampling tn the original draw. 

In Cycle HI, as in Cycle II, twins who were deleted 
in the sample selection, were also scheduled for ex- 
amination, time permitting, as were youths deleted 
from the Cycle III sample who had been examined In 
Cycle 11, The sample was selected in Cycle III, as it 
had been for the children in Cycle 11, so as to contain 
the correct proportion of youths from families having 
only one eligible youth, two eligible youths, and so on 
to be representative of the total target population. 
However, since households were one of the elements 
In the sample frame, the number of related youths in 
the resultant sample is greater than would come from 
a design which sampled youths 12-17 years without 
regard to household, l"he resultant estimated mean 
measurements or rates should be unbiased but their 
sampling variability will be somewhat greater than 
those from more costly, time-consuming systematic 
sample design In which every youth would be se- 
lected. 

The total probability jample for Cycle III included 
7,514 youths representative of the approximately 22.7 
million nonlnstitutionalized United States youths of 12- 
17 years, Tlie sample contained youths from 25 differ- 
ent States and approximately 1,000 in each single year 
of age. 



The response rate inCycle 111 was 90 percent, 6,768 
youths being examined out of the total sample, These 
examinees were closely representative of those in the 
samples as well as the population from which the 
samples were drawn with respect to age, sex, race, 
region, population density, and population growth in area 
of residence. Hence it appears unlikely that nonresponse 
could bias the findings appreciably. 

Measures used to control the quality of the data 
from these Surveys have been cited previously/ those 
additional measures specifically related to the particu- 
lar examinations, tests, or rrleasurements are outlined 
in the analytic reports describing and presenting the 
respective initial findings. As indicated, each of the 
seven dentists employed during the youth cycle was 
given training and practice In vision testing techniques 
throughout his employment to insure the consistency of 
test results. As may be seen In table I, the proportion 
of youths per thousand found to have red-green color 
vision deficiencies showed essentially no differences 
that might be attributable to the examiners when age 
and sex differences among the examinees at the vari- 
ous locations were removed. 

ReliQbilify 

While measurement processes In the Surveys were 
carefully standardized and closely controlled, the cor- 
respondence between the real world and Survey results 
cannot be expected to be exact. Survey data are Im- 
porfect for three major reasons: (1) results ate sub 
\ 



Table I, Examiner variability for red*green deficiencies among youths: Health Examination Survey. 

1966-70 



Rate and sex 



Total 



Examiner 



All youths-------- 

Both sexes 

Ac tual*-- — ----- -------- - 

Expected--- — ------------ 

Boys 

Ac tual ------------- - 
Expected--^----—------•- 

GlrU 

Actual--— — - - 

Expec ted-- 



Number of examined youths 
6,768 II 1 I 38 1 476 I 1,817 i 1,856 | 1,446 | 1,134 

Rate per 1,000 with a red-green deficiency 



• « • 
• • I 



• « • 
• * « 



« • * 
« • • 



27.3 
27.0 



47.1 
4S.9 



4.5 
3*S 



41.3 
41.4 



73.4 
73.6 



6.8 
6.7 



38.3 
38.3 



71.0 
71.1 



3.3 
3.2 



51.2 
51.4 



89.3 
88.8 



11.3 
11.8 



39.7 
39.5 



65il 
65.6 



7.9 
7.6 



Ject to sampling error, (2) tha actual conduct of a sur- 
vey never agrees perfectly with the destgn, and (3) the 
measurement processes themselves are Inexact evei> 
though standardized and controlled. 

The first report on Cycle 111 ^describes In detail 
the faithfulness with which the sampling design was 
carried out. 

Data recorded for each sample youth are Inflated 
In the estimation process to characterize the larger 
universe of which the sample youth Is representative. 
The weights used in this Inflation process are a prod- 
uct of the reciprocal of the probability of selecting the 
youth, an adjustment for nonresponse cases, and a 
poststratified ratio adjustment which increases pre- 
cision by bringing survey results Into closer alignment 
with known United Slates population figures by color 
and sex witiiln single years of age 12 through 17 for 
r'-e youth's survey, 

In the third cycle of the Health Examination Survey 
( ' for the children in Cycle 11) the samples were the 
result of three principal stages of selection— the single 
PSU from each stratum, the 20 segments from each 
sample PSU, and the sample youth from the eligible 
persons. The probability of selecting an individual 
youth Is the product of the probability of selection at 
each stage. 

Since the strata are roughly equal In population 
size ar.d a nearly equal number of sample youths were 
examined in each of the sample PSU's, the sample de- 



sign is essentially self- weighting with respect to the 
target population; that is, each youth 12 through 17 
years of age had about the same probability of being 
drawn into the respective samples, 

The adjustment upward for nonresponse is Intended 
to minimize the impact ofnonresponse on final estimates 
by imputing to nonrespondents the characteristics of 
•'similar" respondents. Here ^'similar'' respondents 
were Judged to be examined youths In a sample PSU 
having the same age (in years) and sex as youths not 
examined in that sample PSU. 

The poststratified ratio adjustment used In the third 
cycle achieved most of the gains in precision which 
would have been attained if the sample had been drawn 
from a population stratified by age, color, and sex 
and makes the final sample estimates of population 
agree exactly with independent controls prepared by the 
Bureau of the Census for the United States nonlnstltu- 
tlonal population as of March 9, 1968 (approximate mid- 
survey point for Cycle HI), by color and sex for each 
single year of age 12-17, The weights of every re- 
sponding sample youth In each of the 24 age, color, and 
sex classes are adjusted upward or downward so that 
the weighted total within the class equals the independ- 
ent population control for each survey. 

Sample frequencies and estimated United States 
population frequencies as of the approximate mid- 
survey point are shown by age, sex, and race in table 
II. In addition to youths not examined at all, there were 



Table II. Sairiple of examinees and estimated U.S. population frequency distribution of youths In 
the noninstltutlonal population of the tMlted States, by race, age, and sex: Health Examination 
surveyi i966*-70 



^e and sex 



Both sexes 
12-17 years — 

Boys 

12-17 years------ 

12 years---' 

13 years-- • 

14 years*-- — 

15 years---------------. 

16 years--------------- 

1? years---------------. 

Girls 

12-17 years* 

12 years-— 

13 years-— 

14 years---------------- 

15 years-- 

16 years-- — 

17 years--------------- 



Total 


White 


Negro 


Other 
races 


Total 


White 


Negro 


Other 
races 


Number of 


examinees 


Population In thousands 


6,768 


5,735 


999 


34 


22,692 


19,552 


3,024 


116 


3,545 


3,047 


479 


19 


11,489 


9,929 


1,496 


64 


643 
626 
61d 
613 
556 
489 


5^0 
542 
527 
525 
496 
417 


101 
80 
88 
84 
57 
69 


2 
4 
3 
4 
3 
3 


2,032 
2,006 
1,951 
1,900 
1^836 
1,764 


1,747 
1,729 
1,686 
1,646 
1,594 
1,528 


280 
262 
256 
241 
231 
225 


5 
15 

9 
13 
11 
11 


3,223 


2,688 


520 


15 


11,203 


9,623 


1,527 


53 


547 
582 
566 
503 
536 
469 


455 
490 
484 
425 
441 
393 


88 
91 
101 
73 
93 
74 


4 
I 
1 
5 
2 
2 


1,970 
1,946 
1,901 
1,851 
1,789 
1,746 


1,685 
1,667 
1,633 
1,594 
1 542 
1 502 


272 
275 
266 
235 
243 
237 


14 

4 
2 

21 
5 
7 



Table III* Extent of missing data for examinees 
on the color vision plates: Health Examination 
Survey* 1966-70 



Test item 



Total number of 
parts of color 
vision test 
tnisfiing*------*- 

Ishlhara plate 

2 

4 

8 

10 

14 

17 

H-R'-R screening plate 

1 

2 

3 

4 

5 

6 

H«-R-R diagnostic plate 

7 

8 

9- 

J?:;::;:::::::::::::::: 

12 

13*-- 

14-^^^ 

15 - 

16 

17 

IS 

19 

20 r 




Girls 



Number of examinees 



74 



2 
12 
13 
1 
1 
1 
1 
3 
2 
4 
3 
4 
4 
4 



42 



1 
10 
12 
0 
0 
0 
0 
2 
0 
3 
1 
2 
2 
2 



32 



some whose examination was Incomplete In one pro- 
cedure or another* The extent of missing data for the 
color vision plates relevant to this report is shown In 
table in. 

Sompltng ond Meaiuremenl Error 

In the present report, reference has been made to 
efforts to minimize bias and variability of measure- 
ment techniques* 

The probability design ofthe Survey makes possible 
the calculation of sampling errors, The sampling error 



is used here to determine how Imprecise the survey test 
results may be because they come from a sample rather 
than from the measurements of all elements in the uni- 
verse. 

The estimation of sampling errors for a study of 
the type of the Health Examination Survey Is difficult 
for at least three reasons? (1) measurement error and 
"pure'' sampling error are confounded in the data— it 
is not easy to find a procedure which will either com- 
pletely Include both or treat one or the other sepa- 
rately, (2) the survey design and estimation procedure 
are complex and accordingly require computationally 
involved techniques for the calculation of variances, 
and (3) from the survey are coming thousands of sta- 
tistics, many for subclasses of the population for which 
there are a small number of cases. Estimates of 
sampling error are obtained from the sample data and 
are themselves subject to sampling error which may 
be large when the number of cases in a cell is small 
or even occasionally when the number of cases Is 
substantial. 

Estimates of approximate sampling variability 
for selected statistics used In this report are Included 
in the detailed tables. These estimates have been pre- 
pared by a replication technique which yields overall 
variability through observation of variability among 
random subsamples of the total sample. The method 
reflects both "pure*' sampling variance and a part of 
the measurement variance, 

in accordance with usual practice, the Interval 
estimate for any statistic may be considered the range 
within one standard error of the tabulated statistic, 
with 68-percent confidence, or the range within two 
standard errors of the tabulated statistic, with 95- 
percent confidence. The latter is used as the level of 
significance in this report. 

An approximation of the standard error of a dif- 
ference ' (i^x -y of two statistics x andy is given by 
the formula - (S^ > $1)^ where .s\ and are the sam- 
pling errors, respectively ^ of and y , Of course, where 
the two groups or measures are positively or negatively 
correlated, this will give an overestimate or under- 
estimate, respectively, of the actual standard error, 

Smoll Numberi 

In some tables magnitudes are shown for cells for 
which the sample size is so small that the sampling er- 
ror may be several times as great as the statistic it- 
self. Obviously In such instances the statistic has no 
meaning In itself except to Indicate that the true 
quantity is small. Such numbers, if shown, have been 
Included In the belief that they may help to convey an 
impression of the overall story of the table. 



APPENDIX II 



DEMOGRAPHIC AND SOCIOECONOMIC TERMS 



Age.-^lhe age recorded for each youth was the 
age at last birthday on the date of examination, The age 
criterion for Inclusion In the sample used In this sur- 
vey was defined in terms of age at time of Interview, 
SlAce the examination usually took place 2 to 4 weeks 
after the Interview, some of those who were 17 years 
old at the time of Interview became 18 years old by the 
time of examination. There were 23 such cases. In the 
adjustment and weighting procedures used to produce 
national estimates, these 23 were Included In the 17- 
year group* 

Bace^'^KAce was recorded as "white," "Negro," 
or "other races," "Other races" Included American 
Indians. Chinese, Japanese, and all races other than 
white or Negro, Mexican persons were Included with 
"white" \m\tBB definitely known to be American Indian 
or of another race, Negroes and persons of mixed 
Negro and other parentage were recorded as "Negro." 

Geographic Region.'^Por purposes of stratification 
the IWted States was divided Into four geographic re- 
gions of. approximately equal population. These regions, 
which correspond closely to those used by the Bureau 
of the Census, were as follows: 

liegion states Included 

Northeast Maine. Vermont. New Hampshire. 

Massachusetts. Connecticut, Rhode 
Island. New York, New Jersey, and 
Pennsylvania 

Midwest Ohio, Illinois. Indiana. Michigan, 

Wisconsin, Minnesota. Iowa, and 
Missouri 

South Delaware. Maryland. District of 

Columbia, West Virginia, Virginia. 
Kentucky, Tennessee, North Car- 
oHna, South Carolina, Georgia, 
Florida, Alabama, Mississippi, 
Louisiana, and Arkansas 



West Washington, Oregon, California, 

Nevada, New Mexico, Arizona^ 
Texas, Oklahoma, Kansas, Ne- 
braska, North Dakota, South Dakota, 
Idaho, Utah, Colorado, Montana, 
Wyoming, Alaska, and Hawaii 

(/yfton-fWJ/.— The definition of urban-rural areas ' 
was the same as that used in the 1960 census, According 
to this definition, the urban population comprised all 
persons living In (1) places of 2,500 Inhabitants or more 
Incorporated as cities, boroughs, villages, and towns 
(except towns In New England. New York, ajid Wiscon- 
sin); (2) the densely settled urban fringe, whether in- 
corporated or unincorporated, of urbanized areas; 
(3) towns In New England and townships in New Jersey 
and Pennsylvania which contained no Incorporated 
municipalities as subdivisions and had either 2.500 
Inhabitants or more, or a population of 2.500 to 25,000 
and a density of 1.500 persons or more per square 
mile; (4) counties in States other than the New England 
States. New Jersey, and Pennsylvania that had no in- 
corporated municipalities within their boundaries and 
had a density of 1,500 persons or more per square 
mile; and (5) unincorporated places of 2,500 inhabit* 
ants or more not Included in any urban fringe. The 
remaining population was classified as rural. 

Urban areas are further classified by population 
size for places within urbanized areas and other urban 
places outside urbanized areas, 

/*am(/y /ncome,— The Income recorded was the 
total Income of the past 12 months received by the head 
of the household and all other household members re- 
lated to the head by blood, marriage, or adoption. This 
income was the gross cash Income (excluding pay in 
kind) except in the case of a family with their ovm farm 
or business, in which case no Income was recorded. 



APPENDIX III 

RECORDING SHEET USED FOR COLOR VISION TESTING 



KMTII OJUIIWIIM SWni-tll 

COLOR VISION 



W«ori 9lau4t for »mI; | □ 

Wtori (^nkxt Unui f«r Itif; 1 Q 
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□ 5 
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□ 5 
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APPENDIX IV 



YOUTHS WITH BOTH RED-GREEN AND 
BLUE-YELLOW COLOR VISION DEFICIENCIES 



A frequency dtstrll>ution of youths found to have 
specific combinations of both red-green and blue- yeHow 
color vtslon deficiencies (s shown by sex (n table !V. 

Most of the 28 hoys affected had a mild blue-yellcw 
undetermined deficiency (n combination with red-green 
defects. 1"he largest frequency of occurrence was in 
combination with a strong rcd-green deutan deficiency. 

Only eight girls were diagnosed as color deficient 
fn both the red-green and blue-yellow perceptual areas. 



rive showed mild blue-yellow undetermined deficiencies 
while two were found In the strong undetermined cate- 
gory. One girl exhibited a mild tetartan defect associ- 
ated with a mild red-green undetermined deficiency, 
ITie most frequent combination of deficiencies en- 
countered among both sexes was a strong red-green 
deutan deficiency associated with a mild blue-yellow 
undetermined color vision defect. 



Tabic IV. f'^^^^Jfy^y distribution of youths 12-17 years, vlth both red-green and blue-yellow de- 
flclencles, by diagnosis and sex: Health Examination Survey, 1966-70 y^now ae 



Blue-yellow 
deficiency and se>c 



Total 



Both sexes- 



Type undetermined: 

Mild 

Medium----- 

Strongs 

tetartan: 

Medium--*- 

Strong 



Boys- 



Type undetermined: 

Mild--- ^. 

Medium- 

Strong- 

tetartan: 

Medium 

Strong----- 



Girls--- 

Type undetermined: 

Mild 

Medium 

Strong 

Tetartan: 

Med lum 

Strong 



J6 



31 
2 
2 



28 



26 
2 









Red- 


•green deficiency 






Protan 


Deutan 


Undetermlr.ed 


Mild 


Medluaa 


Strong 


Mild 


Medium 


I 

Strong 


Mild 


Medium 


Strong 


1 


3 


5 


I 




11 


7 


A 




I 


3 


5 


I 




11 


A 


2 


















2 
















2 


















1 






I 


3 


5 




2 


11 


A 


2 




1 I 


3 


5 




2 


11 


3 


I 






















1 ■ 












I 


1 










I 


2 




3 


2 










I 


I 
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VITAL AND HEALTH STATISTICS PUBLICATION SERIES 



Origimlly Ihiblic fiealtU Service ihiblication No. tOOO 

Series 1. Programs and collection /)ro^eifures. — Reports which describe the general programs of the National 
Center for Health Statistics and Its offices anddivislons, data collection methods used, definitions, 
and other material necessary for understanding the data. 

Series 2. Data eiolmtion and methods reseaj^c^. — Studies of new statistical methodology Including: experi- 
mental tests of new survey methods, studies of vital statistics collection methods, new analytical 
techniques, objective evaluations of reliability of collected data, contributions to statistical theory. 

Series 3, Analvtical sh«//es.— -Reports presenting analytical or Interpretive studies based on vital and health 
statistics, carrying the analysis further than the expository types of reports in the other series, 

Series 4, Documents and committee re/>oWs, — Final reports of major committees concerned with vital and 
health statistics, and documents such as recommended model vital registration laws and revised 
birth and death certificates. 

Series 10, Data /rom the Health [ntervievo Survev.— Statistics on illness, accidental injuries, disability, use 
of hospital, medical, dental, and other services, and other health-related topics, based on data 
collected in a continuing national household Interview survey. 

Series 22, Data from the Health Examination Swrfey.— Data from direct examination, testing, and measure- 
ment of national samples of the civlHart, nonlnstitutlonal population provide the basis for two types 
of reports: (1) estimates of the medically defined prevalence of specific diseases In the United 
States and the distributions of the population with respect to physical, physiological, and psycho- 
logical characteristics; and (2) analysis of relationships among the various measurements without 
reference to an explicit finite universe of persons, 

Series 22, Data from the Institutional Population Surveys —Statistics relating to the health characteristics of 
persoi ^ in Institutions, and their medical, nursing, and personal care received, based on national 
samplt 1 of establishments providing these services and samples of the residents or patients. 

Series 13. Data from the Hospital Discharge Swn)e>.— Statistics relating to discharged patients in short- stay 
hospitals, based on a sample of patient records in a national sample of hospitals. 

Series 14. Data on health resources: manf>ott?er and /acihties.— Statistics on the numbers, geographic distrl* 
butlon, and characteristics of health resources Including physicians, dentists, nurses, other health 
occupations, hospitals, nursing homes, and outpatient facilities. 

Series 20. Data on mortality, ^Various statistics on mortality other than as Included In regular annual or 
monthly rejports— special analyses by <iause of death ige, and other demographic variables, also 
geographic and time series analyses. 

Series 21, Data on natality, marriage, and rfiwrce.— Various statistics on natality, marriage, and divorce 
other than as included In regular annual or monthly reports— fipeclal analyses by demographic 
variables, also geographic and time series analyses, studies of fertility. 

Series 22. Data from the National Natality and Mortality Surt^^y^,— Statistics on characterisdce of births 
and deaths not available from the vital records, based on sample surveys stemming from these 
records, Including such topics as mortality by socioeconomic class, hospital experience in the 
last year of life, medical care during pregnancy, health insurance coverage, etc, 
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